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3,086,371
FRACTIONATION OF GASEOUS MIXTURES

Clarence J. Schilling and Lilburn Carroll Claitor, Allen-

town, Pa., assignors, by mesne assignments, to Air

Products and Chemicals, Inc., Trexlertown, Pa., a cor-

poration of Delaware

Filed Sept. 12, 1957, Ser. No. 683,643
31 Claims. (CL 62--13)

This invention relates to improvements in the separa-
tion of gaseous mixtures and more particularly to the
separation of gaseous mixtures by liquefaction and frac-
tionation.

In the separation of gaseous mixtures intoc component
gas in a fractionating operation, compressed gaseous mix-
ture is cooled by heat interchange with relatively cold
components of the gaseous mixture and is fed to a single
or multiple stage fractionating zone wherein the gaseous
mixture is separated preducing component gas. For ex-
ample, in the fractionation of atmospheric air, high boil-
ing point component, essentially oxygen, and low boiling
point component, essentially nitrogen, are produced as
component gas. Although the present invention is dis-
closed and described in the environment of the separation
of atmospheric air, it is to be expressly understood that
the principles of the present invention may be employed
in connection with the separation of other gaseous mix-
tures by a fractionating operation. Also, it is to be ex-
pressly understood that the term “component gas” em-
ployed in the following description jointly and severally
defines the different boiling point fractions of a gaseous
mixture, such as the oxygen and nitrogen fractions of
air,

Two different types of cycles have been proposed in
the past for providing component gas in gaseous phase
under high pressure and at ambient temperature. In one
type of cycle, which may be referred to as a “gas cycle,”
component gas is withdrawn from the fractionating zone
in gaseous phase, warmed to ambient temperature upon
passing in heat exchange effecting relation with gaseous
mixture on its way to the fractionating zone and is then
compressed to the relatively high pressure desired by
means of a centrifugal type compressor. In another
type of cycle, identified herein as a “pump cycle,” com-
ponent gas is withdrawn from the fractionating zone in
liguid phase, pumped while in liquid phase to the desired
relatively high pressure, and then passed in heat exchange
effecting relation with the gaseous mixture on its way to
the fractionating zone to vaporize and to warm the high
pressure component gas to ambient temperature. FEach
of these cycles possesses advantages and disadvantages
not presented by the other.

In particular, considering the separation of atmospheric
air into oxygen and nitrogen component where oxygen
is required in gaseous phase under relatively high pres-
sure, the power requirements of a “gas cycle” are low
since atmospheric air fed to the cycle need only be com-
pressed to a relatively low superatmospheric pressure,
such as 85 to 100 p.s.ia., for example, and it is possible
to remove high boiling impurities from the atmospheric
air feed, particularly carbon dioxide and moisture, by
the use of switching heat exchange zones which eliminates
the need for chemical scrubbing and drying equipment.
However, this type of cycle can only produce oxygen
under relatively high pressure by the use of an oxygen
compressor operating at ambient temperature. This re-
quirement increases the power consumption and presents
explosion hazards and expensive maintenance problems,
Furthermore, in a “gas cycle” it is not possible to apply
large quantities of external refrigeration. Moreover, due
to the differences at low temperatures in specific heat of
atmospheric air under the required pressure and the
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specific heat of component gas under the relatively low
pressure of the fractionating zone, additional means must
be provided to “unbalance” the swicthing heat exchaqge
zones and insure removal of deposited high boiling point
impurities, such as carbon dioxide, to permit substan-
tially continuous operation of the cycle. In the “pump
cycle” oxygen is delivered in gaseous phase at a desired
relatively high pressure and gaseous oxygen pumping
equipment is not required, the oxygen being uncontami-
nated with high boiling point impurity. Also, it is pos-
sible to apply large quantities of external refrigeration
to a “pump cycle.” On the other hand, in the “pump
cycle” it is necessary to compress the atmospheric air
to a higher pressure in order to obtain efficient heat
interchange, and means other than switching heat ex-
change zones are required for removing high boiling point
impurities from the air feed.

Attempts have been made to provide a cycle which
obtains the advantages of the “pump cycle” at a power
cost which is competitive with a “gas cycle” of corre-
sponding capacity. In one prior cycle a major portion
of the air feed compressed to a relatively low super-
atmospheric pressure, such as 85 to 100 p.s.i.a., is cooled
in heat exchange effecting relation with gaseous nitro-
gen product under low pressure in a reversing heat ex-
change zone which is unbalanced by controlling the
relative mass of the fluids flowing therethrough to obtain
substantially complete removal of high boiling point im-
purities. The minor portion of the air feed is compressed
to a higher superatmospheric pressure, treated chemically
to remove high boiling point impurity, dried, and then
passed through a non-switching heat exchange zone in
heat exchange effecting relation with oxygen product
under a relatively high pressure obtained by pumping
oxygen in liquid phase. The minor portion of the air
feed cooled during this heat interchange is expanded to
the pressure of the major portion of the air feed and is
merged therewith and the total air feed is introduced into
a fractionating zone. It is not possible to obtain effi-
cient separation of gascous mixtures with this type of
cycle due to a substantial loss of cold resulting from a
wide temperature difference which inherently exists at
the warm end of at least one of the heat exchange zones.

In order to effect heat exchange between two fluids at
different temperatures, such as air at ambient tempera-
ture and cold nitrogen or oxygen component gas from
a fractionating zone, the air must be warmer than the
cold component gas at each point along the path of the
heat exchange zone, and in order to prevent loss of cold
the temperature difference between the fluids at the warm
end of the heat exchange zone must be small, such as
within 5° to 10° F. A close temperature approach at
the warm end of a heat exchange zone in which cold
nitrogen component gas under low pressure, such as 20
p.sia., is passed in heat exchange effecting relation with
warm gaseous air feed at a relatively low superatmos-
pheric pressure, 85 p.s.i.a., for example, may be obtained
by passing a relatively greater mass of cold component
nitrogen gas through the heat exchange zone. On the
other hand, in order to obtain a close temperature ap-
proach at the warm end of a heat exchange zone in
which cold oxygen component gas under high pressure
is passed in heat exchange effecting relation with warm
gaseous air feed, it is necessary to pass a greater quantity
of air feed through the heat exchange zone even when
the air feed is at an optimum pressure at which a mini-
mum quantity of air is required to warm the high pres-
sure oxygen to the required temperature. However, the
mass difference between the air under relatively low
superatmospheric pressure and the nitrogen component
under low pressure is less than the mass difference be-
tween the high pressure air and the high pressure oxygen.
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Thus, cycles in which component gas is delivered at dif-
ferent pressures inherently present cold loss even when
a portion of the feed mixture under an optimum high
pressure is passed in heat interchange with the high pres-
sure component.

In a recent attempt to solve this problem, a portion
of the feed mixture is compressed to a very high pressure
as required for optimum heat interchange with com-
ponent gas under low pressure and is passed in heat
exchange effecting relation with excess low pressure com-
ponent gas that would exist upon adjusting the relative
mass of high pressure feed mixture and high pressure
component gas and the reclative mass of low pressure
feed mixture and component gas under low pressure for
minimum loss of cold. This solution to the problem
requires the use of an additional heat exchange device
and an additional compressor with increased power re-
quirements.

It is an object of the present invention to provide a
novel fractionating cycle which comprises a simple solu-
tion to the problem of loss of cold in the heat exchange
zones upon delivering component gases under different
pressures,

Another object is to provide a novel fractionating cycle
which obtains the advantages of the “pump cycle” at a
power cost which is competitive with a “gas cycle” of
corresponding capacity.

Still another object of the present invention is to pro-
vide a novel fractionating cycle of the type in which a
major portion of the gaseous feed mixture is compressed
to a relatively low superatmospheric pressure and passed
in heat exchange effecting relation with cold component
gas under relatively low pressure and in which the re-
maining minor portion of the feed mixture is compressed
to an optimum relatively higher superatmospheric pres-
sure and passed in heat exchange effecting relation with
pumped component gas, so characterized that small tem-
perature differences with resulting minimum cold loss
are maintained at the warm ends of the heat exchange
zones by a relatively simple arrangement which also im-
proves the over-all efficiency of the cycle.

According to the principles of the present invention,
a major portion of the feed mixture, compressed to a
low superatmospheric pressure required for operation of
the fractionating column, such as 85 to 100 p.s.i.a. in the
case of atmospheric air, is passed in heat exchange effect-
ing relation with cold component gas under low pressure
and of the proper relative mass to establish a close tem-
perature difference between the fluids at the warm end
of the heat interchange. The remaining portion of the
feed mixture, the minor portion, compressed to an opti-
mum higher superatmospheric pressure determined by
the pressure of the component gas delivered from the
cycle under relatively high pressure, is simultaneously
passed in heat exchange effecting relation with component
gas under relatively high pressure and with component
gas under low pressure. The feature provided by the
present invention of passing a stream of component gas
under a pressure less than the pressure of the high pres-
sure component gas in countercurrent heat exchange
effecting relation with the minor portion of the feed mix-
ture under an optimum higher superatmospheric pressure,
effectively compensates for the deficiency of feed mix-
ture at the optimum higher superatmospheric pressure
that would exist upon establishing the proper mass rela-
tionship between the major portion of the feed mixture
and the component gas under low pressure and makes it
possible to proportion the mass of the feed mixture at
the optimum higher superatmospheric pressure relative
to the mass of the component gas under high pressure
and relative to the mass of the stream of component gas
under relatively low pressure and establish a close tem-
perature difference between the fluids at the warm end
of the heat interchange. The component gas under low
pressure passed in countercurrent heat exchange effect-
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ing relation with the minor portion of the feed mixture
at optimum higher superatmospheric pressure and the
component gas under low pressure passed in heat ex-
change effecting relation with the major portion of the
feed mixture may comprise one or more components of
the feed mixture depending in part upon the composi-
tion of the feed mixture and the quantity of component
gas under relatively high pressure,

The feature provided by the present invention of pass-
ing a stream of low pressure component gas in counter-
current heat exchange effecting relation with the minor
portion of the feed mixture under high pressure not only
makes it possible to obtain heat interchange between the
total feed mixture and the available cold component gas
with minimum loss of cold but also improves the efficiency
of the heat interchange between the pumped component
and the minor portion of the feed mixture. This results
from the fact that the temperature-enthalpy curves of
streams of high pressure component gas and feed mixture
under a relatively high optimum pressure of the proper
mass relationship to establish a minimum temperature
difference at the wwarm end of the heat exchange zone
diverge from each other relatively from a point of mini-
mum temperature difference toward the warm and cold
ends of the heat exchange zone. As a consequence, maxi-
mum heat exchange efficiency is obtained only in a region
of the heat exchange zone. The temperature-enthalpy
curve of a stream of low pressure component gas diverges
in a manner opposite to the divergence of the tempera-
ture-enthalpy curve of the stream of high pressure com-
ponent gas, and the presence of a stream of component
gas under low pressure also in heat exchange effecting
relation with the high pressure feed mixture produces a
resulting temperature-enthalpy curve for the total com-
ponent gas which approaches parallel relationship with the
temperature-enthalpy curve of the minor portion of the
fecd mixture. Thus, a more uniform temperature differ-
ence is maintained between the high pressure feed mix-
ture and the total component gas throughout the heat ex-
change zone and more efficient heat interchange and a
smaller temperature difference at the ends of the heat ex-
change zone are obtained.

Moreover, cycles embodying the principles of the pres-
ent invention may be operated to establish the tempera-
ture difference between the major portion of the feed mix-
ture under relatively low superatmospheric pressure and
the low pressure component at the cold end of the heat
exchange zone so that high boiling point impurities are
substantially removed from the major portion of the gase-
ous feed mixture, such as moisture and carbon dioxide in
the case of atmospheric air, by the use of a switching heat
exchange device. In such case, high boiling point im-
purity may be removed from the minor portion of the
feed mixture by any suitable means such as by chemical
scrubbing and drying or by a freezing process employing
filters and adsorbers, ¥n this connection, the feature of
the present invention of passing component gas under low
pressure through a separate path of the hecat exchange
zone for high pressure feed mixture and high pressure
component gas makes it possible to provide cycles capable
of producing uncontaminated component gas under low
pressure. For example, in the fractionation of atmos-
pheric air according to the present invention uncontami-
nated nitrogen and/or oxygen under low pressure may be
obtained in addition to uncontaminated component gas
under high pressure.

In a fractionating cycle embedying the principles of the
present invention refrigeration required to maintain oper-
ation of the cycle may be easily cobtained in quantities
greater than what would ordinarily be expected without
effecting adversely the desired operation of the cycle. In
addition to the expansion through a valve of the high
pressure minor portion of the feed mixture to the pressure
of the fractionating zone, refrigeration may be obtained
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by expanding with work fluid streams under high pressure
warmed by heat interchange with the cold end of the high
pressure feed mixture-high pressure component gas heat
exchange zone. Also, refrigeration may be obtained by
removing heat from the high pressure feed mixture by
means of a source of external refrigeration. For ex-
ample, the high pressure feed mixture may be withdrawn
from its path through the heat exchange zone at the proper
temperature level for heat interchange with a boiling
liquid refrigerant and then returned to the heat exchange
zone at a lower temperature. In accordance with the
present invention the mass of the minor portion of the
feed mixture under high pressure may be established
throughout a wide range in accordance with variants in-
troduced when additional refrigeration is required to warm
to a desired temperature the high pressure component
gas and the low pressure component gas in heat inter-
change therewith and to maintain the proper mass rela-
tionship between the major portion of the feed mixture
and the low pressure component gas.

The foregoing and other objects and features of the
present invention will appear more fully from the follow-
ing detailed description considered in connection with the
accompanying drawings which disclose several embodi-
ments of the invention. It is to be expressly understood,
however, that the drawings are designed for purposes of
illustration only and not as a definition of the limits of
the invention, reference for the latter purpose being had
to the appended claims.

In the drawings, in which similar reference characters
denote similar elements throughout the several views:

FIGURE 1 is a diagrammatic presentation of a frac-
tionating cycle constructed in accordance with the princi-
ples of the present invention;

FIGURE 2 is a diagrammatic showing of a fractionat-
ing cycle of the type shown in FIGURE 1 illustrating the
manner in which additional refrigeration may be ob-
tained;

FIGURE 3 is a diagrammatic illustraticn of a frac-
tionating cycle constructed in accordance with another
embodiment of the present invention;

FIGURE 4 is a diagrammatic illustration of a modifica-
tion of the fractionating cycle shown in FIGURE 3, and

FIGURE 35 is a diagrammatic presentation of a frac-
tionating cycle constructed in accordance with a still fur-
ther embodiment of the present invention.

With reference more particularly to FIGURE 1 of the
drawings, a fractionating cycle for separating gaseous
mixtures into its components is shown therein embodying
the principles of the present invention. A stream of gase-
ous feed mixture under relatively low superatmospheric
pressure is introduced into the cycle by way of a conduit
8 and fed thereby to a scrubbing device 1% which func-
ticns to remove high boiling point impurities from the
gaseous mixture. The scrubbed feed mixture is passed
to a drier 11 to remove moisture therefrom, and from
the drier the feed mixture is divided at point 12 with a
major portion of the feed mixture being fed to conduit
13 and with a minor and remaining portion being con-
ducted to a conduit 14, A control valve 15 is provided
for establishing the proportions of the gaseous mixture
fzd to the conduits 13 and 14. The conduit 13 conducts
the major portion of the feed mixture to a path 16 of a
non-switching heat exchange zone presented by a heat
exchange device 17 wherein the major portion of the feed
mixture is cooled upon countercurrent heat exchange ef-
fecting relation with cold component gas of a fractionat-
ing operation described below, while the conduit 14 com-
municates with the inlet of a compressor 18 which fune-
tions to further increase the pressure of the minor por-
tion of the gaseous mixture to a predetermined higher
superatmospheric pressure discussed in detail below. The
further compressed minor portion of the gaseous mixture
is conducted by way of a conduit 19 to path 20 of a non-
switching heat exchange zone presented by a heat ex-
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change device 21 wherein the minor portion of the feed
mixture is cooled upon countercurrent heat exchange ef-
fecting relation with cold component gas of the fractionat-
ing operation. The cool minor portion of gaseous mix-
ture from the heat exchange device 21 is expanded in a
valve 22 to the pressure of the major portion of the gase-
ous mixture. The cool major portion of the feed mix-
ture is conducted from the heat exchange device 17 by a
conduit 23 and is merged with the expanded minor por-
tion of the feed mixture by a connection with a conduit
24, the total feed mixture being passed by the conduit 23
into the base of a high pressure section 25 of a two-stage
fractionating column 26. The fractionating column also
includes a low pressure section 27 separated from the high
pressure section by a refluxing condenser 28 of conven-
tional construction, and each of the sections is provided
with liquid-vapor contact means such as fractionating
trays 29. The gaseous mixture undergoes preliminary
separation in the fractionating zone presented by the bigh
pressure section 25 producing high boiling point liquid
fraction collecting in a pool 30 in the base of the column
and a gaseous low boiling point fraction which flows up-
wardly into the refluxing condenser and is liquefied upon
heat exchange effecting relation with liquid product col-
lecting in a pool 31 in the base of the low pressure sec-
tion and surrounding the refluxing condenser. A portion
of the liquefield low boiling point fraction flows down-
wardly into the high pressure section as reflux, and an-
other portion collects in a pool 32 below the refluxing
condenser from which a stream is withdrawn by way of a
conduit 33, passed through an expansion valve 34 and in-
troduced into the upper end of the low pressure section
27 as reflux. A stream of liquid high boiling point frac-
tion is withdrawn from the pocl 3¢ by way of conduit 35,
expanded in a valve 36 and introduced as feed into the
low pressure section by a conduit 37. In the fractionating
zone presented by the low pressure section the separation
is completed producing liquid high boiling peint compo-
nent collecting in the pocl 31 and gaseous low boiling
point component collecting in the dome of the column.
Low boiling point component is withdrawn from the col-
umn 26 by a conduit 38 and conducted thereby to path 39
of the heat exchange device 17 wherein low boiling point
component flows in countercurrent heat exchange effect-
ing relation with the major portion of the gaseous feed
mixture, low boiling point component being warmed upon
flowing through the path 39 and leaves the heat exchange
device 17 by way of a conduit 40 at substantially ambient
temperature and atmospheric pressure. A conduit 42,
provided with a flow control valve 43, is connected to the
conduit 38 and conducts a stream of low pressure compo-
nent through a path 44 of the heat exchange device 21
in countercurrent heat exchange effecting relation with
the minor portion of the feed mixture, the low pressure
component being warmed upon flowing through the path
44 and emerges from the warm end of the heat exchange
device 21 by way of a condnit 45 at substantially ambient
temperature and atmospheric pressure. Liquid high bail-
ing point component is withdrawn from the pool 31 by
way of a conduit 46 and conducted thereby to the suc-
tion inlet of a pump 47 which functions to increase the
pressure of the liguid high boiling point component.
Liquid high boiling point component under high pressure
from the pump 47 is conducted by a conduit 48 to a path
49 of the heat exchange device 21 for countercurrent heat
exchange effecting relation with the minor portion of the
gaseous mixture flowing through the path 20. High pres-
sure boiling point component is vaporized and warmed
upon flowing through the path 49 and emerges from the
path 4% at the warm end of the heat exchange device 21
through a conduit 50 at substantially ambient temperature
and at a pressure determined by the pump 47.

As discussed above, in order to obtain economic heat
exchange effecting relation between gaseous mixture and
cold component gas in the heat exchange devices 17 and
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21, it is necessary to maintain a small temperature dif-
ference between the gaseous mixture entering and the
component gas leaving the warm ends of heat exchange
devices. Due to the difference in the specific heat of
the major portion of the gaseous mixture under a rela-
tively low superatmospheric pressure and component gas
at a pressure existing in the low pressure fractionating
zone, which is slightly above atmospheric pressure, an
optimum temperature difference between the fluids at
the warm end of the heat exchange device 17 cannot be
obtained when fluids of equal mass flow through the
paths 16 and 39. The optimum temperature approach
can be established, however, by passing a greater mass of
low pressure component gas in heat exchange effecting
relation with a lesser mass of gaseous mixture. For the
same reasons, when equal masses of gascous feed mix-
ture and component gas under high pressure are passed
in countercurrent heat exchange effecting relation, a wide
temperature difference exists between the fluids at the

warm end of the heat exchange zone and loss of cold

results. This is so even when the gaseous mixture is
compressed to a predetermined optimum pressure in ac-
cordance with the pressure of the component gas, that
is, when the pressure of the gaseous mixture is such as
to require a minimum quantity of gaseous mixture to
warm to a predetermined temperature a given quantity
of component gas at a given pressure. An efficient tem-
perature difference may be obtained between high pres-
sure component gas and high pressure gaseous mixture
at the warm end of the heat exchange device 21 by pass-
ing a greater mass of high pressure gaseous mixture
through the heat exchange device. However, the differ-
ence between the required mass of high pressure gaseous
mixture and the mass of the component gas under high
pressure is greater than the difference between the mass
of the component gas under low pressure and the low
pressure gascous mixture and it is not possible to estab-
lish optimum temperature approaches at the warm ends
of both of the heat exchange devices 17 and 21. In
particular, if the mass of the fluids passed through the
heat exchanger 17 are proportioned to obtain a close
temperature approach, insufficient gaseous mixture will
be available to warm up the high pressure component
gas and, if the mass of the fluids in the heat exchanger
21 are properly proportioned, an excess of low pressure
component gas will be present at the heat exchanger 17.

Since a greater mass of component gas under low pres-
sure must be passed in heat exchange effecting relation
with gaseous mixture under a higher pressure in order

to obtain an optimum temperature approach at the warm

end of the heat exchange zone, a still greater mass of
component gas under low pressure will be required to
establish an optimum temperature approach when the
gaseous mixture is under a still higher pressure. Thus,
the feature of the present invention of passing compo-
nent gas under low pressure in countercurrent heat ex-
change effecting relation with high pressure feed mixture
provides an excess of feed mixture which is used to warm
up the high pressure component gas. By adjusting the
mass of the low pressure component stream in the pass
44 it is possible to establish the mass relationship of the
low pressure component gas and the major portion of
the gaseous mixture in the heat exchange device 17, and
to establish the mass relationship of the minor portion
of the gaseous mixture and the component gas under
high pressure and under low pressure in the heat ex-
change device 21, in such a manner as to maintain the
component gas and the gaseous mixture in optimum tem-
perature relationship at the warm ends of the heat ex-
change devices 17 and 21 and thus reduce loss of cold
to a minimum. In addition, the stream of component
gas under low pressure passed in countercurrent heat ex-
change effecting relation with the high pressure gaseous
mixture produces a resulting temperature-enthalpy curve
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of the total component gas passed through the heat ex-
change device 21 which approaches parallel relationship
with the temperature-enthalpy curve of the high pres-
sure gaseous mixture and thereby improves the heat in-
terchange efficiency and makes it possible to establish
closer temperature differences at the ends of the heat
exchange zone.

When the fractionating cycle shown in FIGURE 1 is
employed to separate atmospheric air, the air feed which
may enter the cycle under a pressure of 85 p.s.i.a. is
passed through the scrubber 10 and the drier 11 to re-
move carbon dioxide and moisture therefrom. A ma-
jor portion of the air feed, free of carbon dioxide and
moisture, is passed in heat exchange effecting relation
with cold nitrogen component gas in the heat exchange
device 17, the cold nitrogen component being delivered
from the fractionating column at about 20 p.s.i.a., and
the major portion of the air feed leaves the cold end
of the heat exchange device 17 at a temperature slightly
above its saturation temperature at the existing pressure.
The minor portion of the dried and purified air feed is
passed to the compressor 18 where its pressure is in-
creased to about 3000 p.s.ia., and the highly compressed
air feed is conducted to the heat exchange device 21 for
countercurrent heat interchange with cold product gas
including the total oxygen recovered under a pressure of
450 p.s.i.a. as determined by the pump 47. The cooled
high pressure air from the heat exchange device 21 is
is expanded in the valve 22 to 85 p.si.a. and fed with
the major portion of the air feed to the fractionating
column 26 for separation into oxygen and mitrogen com-
ponents in a conventional manner. While the total oxy-
gen recovered is compressed to a pressure of 450 p.s.i.a.,
the minor portion of the air feed is delivered from the
compressor at a pressure of about 3000 p.si.a. to pro-
vide the necessary make-up refrigeration for the cycle
upon expansion in the valve 22. In order to establish
a close temperature approach, about §° to 10° F., at
the warm end of the heat exchange device 17 it is neces-
sary to pass about 1.025 moles of low pressure nitro-
gen component gas through the heat exchange device for
each mole of low pressure air, and a close temperature
approach of about 5° to 10° F. may be established at
the warm end of the heat exchange device 21 upon pass-
ing about 1.45 moles of high pressure air in heat inter-
change with each mole of high pressure oxygen compo-
nent. Assuming that atmospheric air comprises 80%
nitrogen component and 20% oxygen component, it will
be necessary to pass about 78% of the air feed in heat
exchange effecting relation with the total nitrogen com-
ponent to establish a small temperature difference be-
tween the temperatures of the fluids at the warm end of
the heat exchange device 17. Thus about 22% of the
air feed would be available for heat interchange with
the high pressure oxygen component, whereas under the
conditions set forth about 29% of the air feed is re-
quired to warm the oxygen component to the desired
temperature., Since about 1.6 moles of nitrogen com-
ponent at 20 p.s.i.a. is required to be passed in heat ex-
change effecting relation with one mole of air at 3000
p.si.a. for efficient heat interchange, it is possible to ob-
tain close temperature approach at the warm ends of
each of the heat exchange devices by passing a portion
of the low pressure nitrogen component, of the proper
mass, through the path 44 of the heat exchange device
21. In the foregoing example, the low pressure nitro-
gen stream flowing through the path 44 comprises about
19.5% of the air feed. About 59% of the air feed under
a pressure of 85 p.s.i.a. flows through the heat exchange
device 17 in heat interchange with the remaining nitrogen
component and about 41% of the air feed is compressed
to about 3000 p.s..a. and conducted through the path
20 of the heat exchange device 21 in countercurrent heat
exchange effecting relation with the stream of low pres-
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sure nitrogen component and with the high pressure oxy-
gen component comprising 20% of the air feed.

In the cycle shown in FIGURE 1 refrigeration is ob-
tained only upon expansion of the high pressure portion
of the feed mixture in the valve 22. When substantial
refrigeration is required, as assumed in the foregoing
example, it becomes necessary to increase the mass of
the high pressure portion of the feed mixture and/or to
compress the minor portion of the feed mixture to a pres-
sure greater than the optimum pressure for efficient heat
interchange with pumped component gas. In order to
reduce power requirements refrigeration may be obtained
in cycles embodying the principles of the present inven-
tion by expanding a high pressure fluid of the cycle
and/or from an external source as illustrated in FIG-
URE 2, which is otherwise similar to the ¢ycle shown in
FIGURE 1. With reference to FIGURE 2, a stream of
gaseous low boiling point fraction may be withdrawn
from the dome of the refluxing condenser 28 by way of
a conduit 60 and conducted thereby to a heat exchange
passageway 61 located in heat exchange effecting rela-
tion with the cold end of the heat exchange device 21.
The low boiling point fraction is warmed upon flowing
through the passageway 61, and the warm stream is fed
through conduit 62 to an expansion engine 63 wherein the
stream is expanded with production of work to the pres-
sure of the low pressure section of the fractionating col-
umn, the stream being warmed in the heat exchange
passageway 61 to a temperature such that liquid will not
form in the expansion engine. The cold effluent from
the expansion engine is merged with the low boiling com-
ponent from the fractionating column through a conduit
64. In another arrangement high pressure gaseous mix-
ture may be withdrawn at point 65 from the path 20 of
the heat exchange device 21, cooled upon passing through
a coil 66 in heat exchange with a boiling liquid refriger-
ant in a vessel 67, and then returned to the path 20 at
point 68. It is to be understood of course that the stream
of high pressure gaseous mixture may be withdrawn at
any point along the path 20 at which the stream is at the
proper temperature for heat interchange with the ex-
ternal source of refrigeration.

While the feature of obtaining additional refrigeration
in the manner shown in FIGURE 2 requires an increase
in the mass of the high pressure feed mixture to estab-
lish a close temperature approach with the pumped com-
ponent at the warm end of the heat exchange device 21,
a material saving of power is achieved since the pres-
sure and guantity of the major portion of the feed mix-
ture is substantially less than that required to obtain
the total refrigeration upon only expanding the minor
portion of the feed mixture in the valve 22. In particu-
lar, with reference to the foregoing example of the cycle
shown in FIGURE 1, and assuming the same refrigera-
tion requirements are present, by the use of an external
source of refrigeration and/or by expanding a stream
of high boiling fraction withdrawn from the refluxing
condenser, it is possible to obtain the required refrigera-
tion by merely compressing about 32% of the air feed
to an optimum pressure of about 1500 p.s.i.a. for efficient
heat interchange with oxygen component at 450 ps.i.a.

As mentioned above, the feature provided by the
present invention of passing low pressure component in
heat exchange effecting relation with the minor portion
of the feed mixture makes it possible to employ un-
balanced switching heat exchange zones for effecting
heat interchange between the major portion of the feed
mixture and low pressure component and thereby remove
high boiling point impurity from the major portion of
the feed mixture. This arrangement is incorporated
in the cycle shown in FIGURE 3 of the drawings. In
this cycle, gaseous feed mixture compressed to a rela-
tively low superatmospheric pressure enters the cycle
through conduit 100 and is divided at point 101 with a
major portion of the feed mixture being conducted
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through conduit 102 and a minor portion being con-
ducted through conduit 103, the relative proportions of
the major and minor portions being determined by feed
control valve 104. The major portion of the feed mixture
is conducted in heat exchange effecting relation with cold
component gas under low pressure from a fractionating
operation described below in switching heat exchange
zones which may comprise switching regenerators 105,
106 and 107, 108. The regenerators 105 and 106 are
connected at their warm ends to feed mixture inlet mani-
fold 109 provided with switching valves 110, 119 and to
component gas outlet manifold 111 provided with switch-
ing valves 112, 112, and at their cold ends to feed mix-
ture outlet manifold 113 having switching valves 114, 114
and to component gas inlet manifold 115 including switch-
ing valves 116, 116. The regenerators 167 and 108 are
provided at their warm and cold ends with similar feed
mixture inlet and outlet manifolds 118 and 119, respec-
tively, each having switching valves 120, 120 and 121,
121, respectively, and with corresponding component gas
inlet and outlet manifolds 122 and 123, respectively,
having switching valves 124, 124 and 125, 125, respec-
tively. The major portion of the feed mixture is con-
ducted to the air inlet manifolds 109 and 118 through
conduits 126 and 127, respectively, and the feed mixture
outlet manifolds 113 and 119 are connected by way of
conduits 128 and 129 to a conduit 130, The minor por-
tion of the feed mixture is conducted by the conduit 103
to a compressor 135 and thereby compressed to a rela-
tively high superatmospheric pressure. The high pressure
feed mixture is passed to a scrubber 136, wherein high
boiling point impurity is removed, and then through a
drier 137. Dry high pressure feed mixture is conducted
by a conduit 138 through path 139 of a heat exchange
device 140. From the path 139, the minor portion of
the feed mixture is expanded in valve 141 and thereafter
merged by way of conduit 142 with the major portion of
the feed muixture in the conduit 130. The major and
minor portions of the feed mixture are cooled upon flow-
ing through the switching regenerators 165—106 and
1¢7—108 and the heat exchanger 139, in heat exchange
relation with cold component gas of the feed mixture as
described below, and the total feed mixture is conducted
by the conduit 130 into the high pressure section 25 of
the two-stage fractionating column 26 which may be
similar to the fractionating column shown in FIGURE 1.

A stream of liquid high beiling component is with-
drawn from the pool 31 of the fractionating column by
way of a conduit 145 and is conducted to the inlet of a
pump 146 designed for pumping low boiling point liquids.
The pump 146 operates to increase the pressure of the
liquid low boiling component to a predetermined relatively
high pressure, and the low boiling component under high
pressure is passed by conduit 147 to a path 148 of the
heat exchange device 140. The low boiling component
under relatively high pressure is vaporized and warmed
upon flowing through the path 148 in countercurrent heat
exchange effecting relation with the minor portion of the
feed mixture, and leaves the cycle through condition 149
at substantially ambient temperature and at a pressure
determined by the pump 146. A flow control valve 150
may be located on the suction side of the pump to con-
trol the quantity of liquid high boiling component with-
drawn from the fractionating column. High boiling com-
ponent in gaseous phase is withdrawn from the fraction-
ating column by way of a conduit 151 and conducted
thereby to the low pressure component gas inlet manifold
122 associated with the regenerators 107 and 108. The
high boiling component is warmed upon flowing through
the regenerators 107 and 108 in heat exchange effecting
relation with a portion of the feed mixture under low
superatmospheric pressure, and leaves the cycle at sub-
stantially atmospheric pressure and ambient temperature
by way of a conduit 152 connected to the low boiling
component outlet manifold 123. A conduit 153 com-
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municates with the conduit 151 and conducts gaseous high
boiling component, under low pressure, to a path 154
of the heat exchange device 140, the gaseous high boiling
component is warmed upon flowing through the path 154
in countercurrent heat exchange effecting relation with
the high pressure feed mixture and leaves the cycle by
way of conduit 155 at substantially atmospheric pressure
and at ambient temperature. A flow control valve 156
is located in the conduit 151 to determine the quantity
of high boiling component withdrawn from the frac-
tionating column, and a flow control valve 157 is lo-
cated in the conduit 153 and a flow control valve 158
is located in the conduit 151 downstream of the con-
duit 153 to determine the quantity of high boiling com-
ponent fed to the path 154 of the heat exchange device
146 and to the low pressure component inlet manifold
122, respectively. Low boiling component is withdrawn
from the fractionating column through a conduit 160 and
conducted thereby to the low pressure inlet manifold 115

connected to the regenerators 105 and 166, low boiling :

component being warmed upon flowing through the re-
generators 105 and 106 in countercurrent heat exchange
effecting relation with feed mixture under low superat-
mospheric pressure and leaves the cycle at substantially
atmospheric pressure and ambicnt temperature through
conduit 161 connected to the component gas outlet mani-
fold 111. A conduit 162, connected to the conduit 169,
conducts low boiling component through a path 163 of
the heat exchange device 140 in countercurrent heat ex-
change relation with high pressure feed mixture, the
warmed high boiling component leaving the cycle by way
of a conduit 164. A flow control valve 165 is positioned
in the conduit 162, and a flow control valve 166 is lo-
cated in the conduit 160 downstream of the conduit 162,
to determine the quantity of low boiling component fed
to the path 163 of the heat exchange device 149 and to
the low pressure component inlet manifold 115, respec-
tively.

In operation of the cycle shown in FIGURE 3, gaseous
feed mixture under a low superatmospheric pressure, such
as atmospheric air under a pressure of 85 p.si.a. enters
the cycle through the conduit 168 with a major portion
being passed in countercurrent heat exchange effecting re-
lation with cold component gas in the switching regenera-

tors 105, 166 and 107, 108. The major portion of the 4

air feed is divided between conduits 126 and 127 in ac-
cordance with the mass of nitrogen and oxygen com-
ponents flowing through the regenerators 105, 106 and
107, 108, respectively, and in order to establish a close

temperature approach of about 5° to 10° F. between the :

air and the cold component at the cold ends of the re-
generators to insure complete removal from the regenera-
tors of high boiling point impurities, i.e., moisture and
carbon dioxide, precipitated from the major portion of
the air feed and deposited in the regenerators, an excess
of cold component gas is passed through the regenerators
at a ratio of about 1.056 moles of cold component gas per
mole of air. The remaining minor portion of the air feed
is compressed to about 3000 p.s.i.a. to provide refrigeration
required for the cycle upon subsequent expansion in the
valve 141, and is passed through the scrubber 136 and
the drier 137 to remove carbon dioxide and moisture
therefrom.  The clean and dry high pressure ajr is then
passed through heat exchange device 140 in countercur-
rent heat exchange effecting relation with cold compo-
nent including pumped oxygen which may comprise 15%
of the air feed. The cooled high pressure air from the
heat exchange device 140 is expanded in the valve 141
to about 85 p.s.ia. and is merged with the major portion
of the air feed and the total air feed at a temperature
slightly above saturation temperature at the existing pres-
sure is fed to the fractionating column 26 and separated
into oxygen and nitrogen component gas in & conventional
manner, it being assumed that the 0Xygen component com-
prises 20% and the nitrogen component comprises 80% of
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the air feed. The remaining OXygen component comprising
5% of the air feed is withdrawn from the column in gase-
ous phase under low pressure and Passed in countercurrent
heat exchange effecting relation with the air feed, a part
flowing through the path 154 of the heat exchange device
140 and a part flowing through the regenerators 107, 108,
The total nitrogen component is withdrawn from the
low pressure section 27 by conduit 160 with one por-
tion being conducted to path 163 of the heat exchange
device 140 for countercurrent heat interchange with high
pressure air feed and with the remaining portion being
passed through the regenerators 105, 106 in countercur-
rent heat exchange effecting relation with a proportional
part of the major portion of the air feed under low
pressure. Under the foregoing conditions, in order to
maintain close temperature approaches of 5° to 10° F.
at the cold ends of the regenerators 105, 106 and 107,
108, and at the warm end of the heat exchange device
14¢ according to the present invention, a stream of low
pressure component gas comprising about 7% of the feed
mixture is passed in countercurrent heat interchange with
about 26% of the total air feed under a pressure of about
3000 p.s.i.a. The major portion or about 74% of the air
feed under low superatmospheric pressure pases in heat
interchange with low pressure component gas comprising
about 78% of the total air feed. The low pressure coms-
ponent gas passed in countercurrent heat exchange effect-
ing relation with the high pressure air may comprise oxy-
gen component and nitrogen component in any desired
proportion to provide a low pressure component gas stream
comprising about 7% of the total air feed. In particular,
1% of the oxygen component under low pressure may
be passed through path 154 in heat interchange with high
pressure air and 4% conducted to the regenerators 147 and
108 for heat interchange with low pressure air, while 6%
of the nitrogen component may be passed through path
163 in heat interchange with high pressure air, to provide
a total low pressure component comprising 7% of the air
feed, with the remaining 72% of the nitrogen component
flowing through the regenerators 105, 106. The cycle
may be operated with a single stream of low pressure
component flowing through a path of the heat exchange
device 140, and the single stream may comprise either a
stream of low boiling component or a stream of higher
boiling component providing the requirement with re-
spect to mass is met. In particular, valve 165 may be
closed to direct the total low boiling component to the
rengerators 105 and 106 and the quantity of high boiling
component under low pressure conducted through the
path 154 may be established to maintain close tempera-
ture approach at the cold ends of the regenerators and at
the warm end of the heat exchange device 149. Also, the
cycle may be operated with the valves 158 and 165 closed
to pass the total gaseous high boiling point component
through the path 154 of the heat exchange device 140
and to direct the total feed mixture under relatively low
superatmospheric pressure through the regenerators 105
and 106 in heat exchange effecting relation with the total
low boiling component withdrawn from the column by
way of the conduit 169. In addition, the cycle may be
operated with valve 157 closed and valves 158, 166 and
165 open to conduct the toial gaseous high boiling com-
ponent through regenerators 107, 108, to pass a portion
of the low boiling component, of the proper mass, through
path 163 of the heat exchange device 148 and to pass the
remainder of the low boiling <component to the regenera-
tors 105, 106,

Whether the low pressure stream of component gas
passed in countercurrent heat interchange with the high
pressure portion of the feed mixture comprises one com-
ponent of the feed mixture or a composite stream in-
cluding at least two compenents of the feed mixture,
and irrespective of the propartions of the different com-
ponents of the composite stream, the major portion of
the feed mixture is divided and passed to the regenerators
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165, 106 and 167, 108 in proportion with the mass cof
the cold component gas fed to respective regenerators in
a predetermined ratio, such as 1.056 moles of low pressure
nitrogen or oxygen component to one mole of air in the
case of air feed under 85 p.s.ia., to establish a tempera-
ture difference of the fluids at the cold ends of the re-
generators within 5° to 10° F. and thercby insure that
component gas flowing through the regeneralors sweeps
out high boiling point impurities deposited therein. Thus
with this cycle high boiling point impurities are removed
from the major portion of the feed mixture in the switching
heat exchange zones and it is only necessary to provide
scrubbing and drying equipment of a capacity required
for removing high boiling point impurities from the minor
portion of the feed mixture. This cycle also illustrates
the maaner in which the present invention may be prac-
ticed to obtain as product more than one low pressure
component uncontaminated with high boiling point im-
purities.

The embodiment of the invention shown in FIGURE 4
of the drawings comprises a fractionating cycle incorpo-
rating the features shown in FIGURE 3 and including
arrangements for obtaining additional refrigeration and
an alternate system for moving high boiling point im-
purity from the minor portion of the feed mixture. As
shown, the minor portion of the feed mixture under rela-
tively high superatmospheric pressure delivered from the
compressor 135 is passed through the drier 137 and then
conducted by a conduit 200 to path 139 of the heat ex-
change device 140. The stream of high pressure feed
mixture is withdrawn from the path 139 and ccoled upon
passing through a coil 201 in heat exchange effecting re-
lation with a source of liquid refrigerant contained in
vessel 202. The cooled high pressure feed mixiure is
returned to the heat exchange device 140 and is further
cooled upon flowing through the remaining portion of the
path 139 in heat exchange effecting relation with cold
component of the feed mixture. From the cold end of
the path 139, the high pressure feed mixture is expanded
in a valve 203 to a pressure corresponding to the pressure
existing in the high pressure section 25 of the fractionating
column or to a higher intermediate pressure, and the ex-
panded feed mixture is conducted by way of conduit
204 for flow through serially connected filter 205 and ad-
sorber 206, or serially connected filter 207 and adsorber
208 alternately upon operation of switching valves 209.
From the adsorbers 206 or 208, the minor portion of the
feed mixture is merged, by way of conduit 210, with the
major portion of the feed mixture in the conduit 130. An
expansion valve 211 may be inclnded in the conduit 210
to reduce the pressure of the minor portion of the feed
mixture to correspond to the pressure existing in the high
pressure section 25. In accordance with the invention dis-
closed and claimed in copending application Serial No.

576,963, filed April 9, 1956 of Clarence J. Schilling and ¢

Cyde McKinley for “Method and Apparatus for Sepa-
rating Gaseous Mixtures Including High Boiling Point
Impurities,” now Patent No. 2,968,169, the feed mixture
from the compressor 135 is above a critical pressure such
that high boiling point impurity included in the feed mix-
ture does not precipitate and collect in the path 139 of
the heat exchange device 140, However, upon expansion
of the feed mixture to below the critical pressure in valve
203, high boiling point impurity precipitates and is sub-
stantially completely removed from the feed mixture in
filters 205 or 207. The adsorbers 206 and 208 func-
tion to remove precipitated impurity that may pass through
the filters and also to remove high boiling point impurity
dissolved in the feed mixture, and feed mixture sub-
stantially free of high boiling point impurity is delivered
to the conduit 210. The filter-adsorber combinations may
be purged when off-stream by feeding a warm stream of
product gas from conduit 211, past an open control valve
212, through the filter and adsorber that is switched off-
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stream and through open control valves 213 associated
therewith,

In the cycle shown in FIGURE 4, additional refrigera-
tion may be obtained by expanding a stream of tow boil-
ing point fraction withdrawn from the dome of the re-
fluxing condenser 28. As shown, a siream of fow boil-
ing point fraction is withdrawn through conduit 214 and
conducted to passageway 215 located in heat exchange
relation with the cold end of the heat exchange device
140. The stream is warmed upon flowing through the
passageway 215 and is withdrawn therefrom by conduit
216 and {ed to an expansion engine 217 wherein the
stream is expanded with work to the pressure existing
in the low pressure stage 27 and is then merged by way
of conduit 218 with low boiling point component gas with-
drawn from the low pressure section of the fractionating
column.

The mass of the low pressure component gas flowing
through the heat exchange device 148 in countercurrent
heat interchange with the high pressure feed mixture is
proportioned in a manner previously described to main-
tain the fluids at the cold ends of the regenerators and at
the warm end of the heat exchange device 143 within a
predetermined temperature range. The low pressure
component gas may comprise separate components of the
gaceous feed mixture or two or more components. As
discussed previously in connection with the cycle shown
in FIGURE 2, the feature of providing refrigeration by
an arrangement in addition to expansion of the high pres-
sure feed mixture through a valve makes it possible to
decrease the mass and pressure of the minor portion of
the feed mixture with respect to what would otherwise be
required to provide adequate refrigeration, with a con-
comitant decrease in the mass of the low pressure com-
ponent in heat interchange therewith. Thus when one
component only is passed in heat interchange with the
high pressure feed mixture a greater proportion of the
one component may be delivered under high pressure.

in FIGURE 5 of the drawings, a fractionating cycle
embodying the principles of the present invention is dis-
closed for producing one component of gaseous feed mix-
ture under high pressure and under an intermediate pres-
sure, relative to the pressure of the low pressure stage of
the fractionating zene, frec of high boiling point impuri-
ties fed to the cycle with the gaseous feed mixture. As
shown, gaseous feed mixture compressed to a relatively
low superatmospheric pressure enters the cycle through
conduit 300 and is divided at point 301 with a first part
being fed through conduit 362 and with the remainder
being conducted through conduit 303 1o a scrubbing de-
vice 304 wherein high boiling point impurities are re-
moved, flow control valves 305 and 386 are provided for
determining the proportion of the feed mixture in the
conduits 362 and 383. Scrubbed fecd mixture is con-
ducted by conduit 387 to point 308 where a second part
of the feed mixture is divided and passed to conduit 363,
the remaining or third part of the feed mixlure being
conducted by conduit 319 to a compressor 331 A flow
control valve 312 is provided to deternyine the propor-
tions of the second and third parts of the feed mixture.
The first part of the feed mixture in the conduit 362 is
passed to feed mixture inlet manifold 313, having switch-
ing valves 314, 314, and being connected to the warm
ends of regenerators 315 and 316. A feed mixture out-
let manifold 317, having switching valves 318, 318, is
connected to the other ends of the regenerators 315 and
316 and to a cold feed mixture outlet conduit 319. The
second part of the gaseous feed mixture is passed by the
conduit 309 to a feed mixture inlet manifold 320 con-
nected to the warm ends of regemerators 321 and 322,
the manifold 320 including switching valves 323, 323
A feed mixture outlet manifold 324. having switching
valves 325, 325, is connected to the other ends of the re-
generators 321 and 322 and to a cold feed mixture outlet
conduit 326. The first and second parts of the feed mix-
ture are cooled upon flowing alternately through the re-
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generators 315, 316 and 321, 322, respectively, in counter-
current heat exchange effecting relation with cold com-
ponent of the feed mixture as will be described more
fully below. The third part of the gaseous feed mixture
compressed in the compressor 311 to a predetermined rel-
atively high superatmospheric pressure is fed by conduit
327 to a drier 328, and dried high pressure feed mixture
is conducted by way of conduit 328 to pass 339 of a
heat exchange device 33! wherein high pressure feed
mixture passes in countercurrent heat exchange effecting
relation with cold component of the feed mixture in a
manner that will be described more fully below. Cooled
high pressure feed mixture from the path 330 is con-
ducted by conduit 332 to pass 333 of a heat exchange
device 334 wherein the high pressure feed mixture passes
in countercurrent heat exchange effecting relation with
colder component of the feed mixture, as described be-
low, and is then passed to a conduit 335 including a valve
336 for expanding the high pressure feed mixture to a
pressure corresponding to the relatively low superatmos-
pheric pressure of the first and second parts of the feed
mixture. The conduit 319 conducts the first part of the
feed mixture to a heat exchange device 337 for heat infer-
change with a colder fluid as described below. The fur-
ther cooled first part of the feed mixture is then merged
with the second and third parts of the feed mixture in
conduit 338 and the total fred mixture is fed by the
conduit 338 to a high pressure section 339 of a fractionat-
ing column 340 including a low pressure scelion 341
and a refluxing condenser 342, the fractionating zones
presented by the sections 339 and 340 being provided with
liguid-vapor contact means such as fractionating plates
343. Preliminary separation of the feed mixture takes
place in the high pressure section producing liquid high
boiling point fraction, collecting in a pool 344 in the
base of the column and a gaseous low boiling point frac-
tion which flows into the refluxing condenser 342 and is
liquefied by heat interchange with liquid high boiling point
coinponent collecting in a pool 345 in the base of the
low pressure section.
boiling point fraction enters the low pressure section as
reflux and another portion collects in a pool 346 below
the refluxing condenser from which a stream is with-
drawn by conduit 347, expanded in valve 348 and intro-
duced into the top of the low pressure section as reflux.
Liquid high boiling point fraction is withdrawn from the
pool 344 by a conduit 349, expanded in a valve 350 and
introduced into the low pressure scction as feed. The
separation is completed in the low pressure section pro-
ducing liquid high boiling component collecting in the

pool 345 and gaseous low boiling point component which :

flows upwardly and collects in the dome of the fractionat-
ing column. In order to obtain low boiling point com-
ponent of high purity, a gaseous stream of low boiling
component of low purity is withdrawn from a point of
the low pressure section below the uppermost fractionat-
ing plate through a conduit 351.

Low boiling component of high purity is withdrawn
from the low pressure section by a conduit 352 and is
conducted thereby to a cold component gas inlet mani-
fold 353 connected to the cold ends of the regenerators
321 and 322, the manifold 353 including switching valves
354, 354. A component gas outlet manifold 355 is con-
nected to the warm ends of the regenerators 321 and 322
and to a component gas outlet conduit 356, the manifold
355 also including switching valves such as valves 357,
357. Upon operation of the switching valves of the inlet
and outlet manifolds associated with the regenerators
321 and 322, low boiling component of high purity al-
ternately flows through the regenerators 321 and 322 in
countercurrent heat exchange effecting relation with the
second part of the feed mixture to cool the feed mixture
in the manner described above. Low boiling component
of high purity leaves the cycle through the conduit 356
at substantially atmospheric pressure and ambient tem-
perature. The stream of low boiling component of low

A portion of the liquefied low )
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purity withdrawn from the low pressure scction by the
conduit 351 is conducted thereby to a cold component
inlet manifold 358, having switching valves 359, 359,
connected to the cold ends of the regenerators 315 and
316. A component gas outlet manifold 360 is cornnected
to the other ends of the regenerators 315 and 316 and to
a compoenent gas outlet conduit 361, the manifold 360
being provided with switching valves 362, 362. Upon
operation of the switching valves of the inlet and outlet
manifolds connected (o the regenerators 315 and 316,
the low boiling component of low purity alternately flows
through the regenerators 315 and 316 in countercurrent
heat exchange effecting relation with the first part of the
feed mixture to cool the feed mixture in a manner de-
scribed above. Warmed low boiling component of low
purity leaves the cycle through the conduit 361 at sub-
stantially atmospheric pressure and ambient temperature.

The total high boiling point component of the feed
mixture is withdrawn from the pool 345 in liquid phase
and is conducted by conduit 365 to the inlet of a pump
366. High boiling component delivered from the pump
under a predetermined relatively high pressure is divided
with one portion being conducted by a conduit 367 to
path 368 of the heat exchange device 334 and with an-
other portion flowing through a conduit 369 to an ex-
pansion valve 370, The portion of the high pressure
high boiling component in the path 368 is vaporized in
countercurrent heat exchange effecting relation with the
third part of the feed mixture as described above, and is
then passed by conduit 371 to a path 372 of the heat
cxchange device 331 for further countercurrent heat ex-
change effecting relation with the third part of the feed
mixture. High boiling component in gaseous phase and
under relatively high pressure determined by the pump
366 leaves the path 372 through a conduit 373 at sub-
stantially ambient temperature. The other portion of
the liquid high boiling component under high pressure
is expanded in the valve 370 to a lower pressure above
the pressure existing in the low pressure section of the
fractionating column, and is vaporized in the heat ex-
change device 337 wherein the high boiling component
under intermediate pressure is in heat exchange effect-
ing relation with the first part of the feed mixture. The
intermediate pressure high boiling component is then
divided with one portion being passed by a conduit 374
through paralle! connected heat exchange paths 375 and
376, respectively positioned in the regenerators 321 and
322, and with the other portion being passed by conduit
377 to parallel connected heat exchange paths 378 and
379 positioned in the regenerators 315 and 316, respec-
tively. The heat exchange paths 375, 376, 378 and 379
terminate below the warm ends of respective regenerators
and are connected to a common manifold 380 which
communicates through conduit 381 to path 382 of the
heat exchange device 331. High boiling component at
the intermediate pressure is warmed to below ambient
temperature upon flowing through the heat exchange
paths 375, 376, 378 and 379, and is further warmed to
substantially ambient temperature upon flowing through
the path 382 in countercurrent heat exchange effecting
relation with the third part of the feed mixture under
refatively high pressure, the low boiling component at
intermediate pressure being withdrawn from the cycle
through a conduit 383,

Refrigeration may be obtained by withdrawing a
stream of gaseous low boiling point fraction from the
dome of the refluxing condenser 342 and conducting the
withdrawn stream by a conduit 385 to a path 384 of the
heat exchange device 334 wherein the stream flows in
countercurrent heat exchange effecting relation with the
third part of the feed mixture under high pressure. The
low boiling point fraction is warmed upon flowing through
the path 384 and is then conducted by conduit 385 to an
expansion engine 386 wherein the low boiling point frac-
tion is expanded with work to the pressure of the low
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pressure section of the fractionating column. The ef-
fluent of the expansion engine passes through a conduit
487 and is merged with low boiling component of high
purity withdrawn from the low pressure section of the
fractionating column.

In operation of this cycle gaseous feed mixture under
a relatively low superatmospheric pressure, such as at-
mospheric air under a pressure of 87 p.si.a., enters the
cycle through the conduit 300 and is divided at point
301 with the first part comprising about 46% of the air
feed flowing through conduit 302 t0 the regenerators 315
and 316 and with the remainder flowing through con-
duit 303 to the scrubber 304. Air feed from the scrubber
free of high boiling point impurity is divided at point 308
with a second part comprising about 35% of the total
air feed flowing through conduit 309 to the regenerators
321 and 322 and with a third part, the remaining 19%
of the air feed, being compressed in the compressor 311
to about 1500 p.s.ia. The high pressure air is then
passed through the drier
and is cooled in heat interchange with the total oxygen
component comprising about 20% of the air feed and en-
ters the conduit 332 at about —138° F., 13% of the oxy-
gen component being under a pressure of 485 p.sia. and
7% being expanded by valve 370 to about 28 p.sd.a.
The high pressure air then flows through path 333 of the
heat exchange device 334 in heat interchange with the
high pressure OXygen compenent in liquid phase and is
cooled to about —268° F. The low pressure air fed to
the regenerators 315 and 316 is cooled upon heat inter-
change with low purity nitrogen component and a por-
tion of the oxygen product under intermediate pressure,
and the scrubbed low pressure air is cooled upon flow-
ing through the regenerators 321 and 322 in heat inter-
change with high purity nitrogen component and a por-
tion of the oxygen component at the intermediate pres-
sure. Air from the regenerators cooled to about —278°
F. is merged with the high pressure portion of the air
feed, after its expansion to about 87 psia., and the
total air feed is introduced into the fractionating column
at a temperature slightly above its saturation tempera-
ture at the existing pressure. In the fractionating column
the air feed is separated in 2 conventional manner into
oxygen and nitrogen components.

The first part of the air feed flows through the re-
generators 315 and 316 in countercurrent heat interchange
with cold component of the air feed in predetermined
mass relation to establish a temperature difference of
about 5° to 10° F. between the fluids entering and leav-
ing the regenerators at {heir cold cnds and thereby insure
substantially complete removal of high boiling point im-
purities precipitated for the air and deposited in the re-
generators, the ratio being about 1.056 moles of low
pressure component gas to one mole of air at 87 p-si.a.
The low pressure component gas for establishing the
proper temperature approach at the cold ends of the
heat exchangers 315 and 316 comprises the total low
purity nitrogen withdrawn from the column by way of
the conduit 351 and a portion of the oxygen component
under the intermediate pressure. Since 46% of the air
feed flows through the regenerators 315 and 316 in order
to obtain the proper temperature approach it is neces-
sary to pass through the regenerators low pressure com-
ponent gas comprising about 492% of the feed mix-
ture. The impure nitrogen component withdrawn from
the column comprises about 46.5% of the feed mixture
and the proper mass relationship is effectively achieved
by the portion of oxygen product at the intermediate
pressure flowing through the heat exchange paths 378
and 379. The second part of the air feed comprising
about 35% of the feed mixture that is passed through the
regenerators 321 and 322 is free of carbon dioxide and
since it is only necessary to remove moisture therefrom
the mass rclationship of the fiuids flowing through these
regenerators is proportioned to establish an optimum
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temperature difference of about 5° to 10° F. between
the fluids at the warm ends of the regenerators, a ratio
of about 1.025 moles of low pressure component gas to
one mole of air being adequate for this purpose and low
pressure component gas comprising about 36% of the
total feed is required. High purity nitrogen component,
comprising about 35% of the air feed, is passed to the
regenerators 321 and 322 and the deficiency of cold
component gas is effectively provided by a portion of
the oxygen component at the intermediate pressure flow-
ing through the heat exchange paths 37§ and 376.

‘According to the principles of the present invention
described above, in a cycle in which 19% of the air feed
under 1500 p.s.ia. is passed in heat interchange with
139 of the oxygen component under 485 p.sia., it is
possible to obtain optimum temperature approach for
the heat interchange between low pressure air and low
pressure component and for heat interchange between
high pressure air and high pressure component by pass-
ing a stream of low pressure component comprising about
19, to 4% of the feed mixture in countercurrent heat
interchange with the high pressure air. Thus if 7% of
the oxygen component from the expansion valve 370,
being at a temperature of about —295° F., was passed in
countercurrent heat interchange with the high pressure
air, it would be necessary to compress an additional
quantity of air to 1500 p.sia. In order to overcome
this power loss while at the same time producing a stream
of oxygen component under 28 p.si.a. and comptrising
7% of the feed mixture, which is passed in heat inter-
change with the high pressure air to palance the cycle,
795 of the oxygen component is warmed to a critical tem-
perature by heat interchange with low pressure air before
being passed in heat interchange with the high pressure
air. The stream of oxygen component at the inter-
mediate pressure is warmed in the heat exchange paths
375, 376, 378 and 379 to about —60° F. and introduced
at that temperature into path 382 at the cold end of the
heat exchange device 331.

The cycle shown in FIGURE 35 illustrates that the
stream of component gas passed in heat interchange with
the high pressure feed mixture for the purpose of achiev-
ing optimum temperature approach for the feed mixture
heat interchange zones may be at a pressure above the
low pressure existing in the fractionating zone and may
comprise a percentage of the feed mixture greater than
the minimum percentage required for achieving the opti-
mum temperature approach without increasing the power
consumption of the cycle.

As mentioned above, although the various embodiments
of the invention have been described in the environment
of separating atmospheric air into oxygen and nitrogen
component gas, it is to be expressly understood that the
principles of the present invention may be employed in
cycles designed for the separation of other gaseous mix-
tures including gaseous mixtures having two or more
components, for example in the separation of natural
gas. Also, while in each of the embodiments of the in-
vention high boiling component is delivered under rela-
tively high pressure, it is contemplated to employ the
novel features provided by the present invention in cycles
for delivering low boiling point component in gaseous
phase under relatively high pressure as well as in cycles
designed to deliver streams of components of different
boiling points in gaseous phase under relatively high
pressure. For example, with reference to FIGURE 1
of the drawings, by employing 2 fractionating column
designed to produce pitrogen component in liquid phase,
liquid nitrogen component may be withdrawn from the
column, compressed while in liquid phase to a relatively
high predetermined pressure and then vaporized and
warmed to substantial ambient temperature in heat inter-
change with a portion of the air feed under a predeter-
mined relatively high pressure. The stream of low pres-
sure component also in heat interchange with the high
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pressure air may comprise low pressure gaseous nitrogen
component, low pressure gaseous oxygen component or
low pressure oxygen and low pressure nitrogen compo-
nent. It will be appreciated that in this type of cycle
the total or a portion of the Oxygen component may be
also pumped while in liquid phase to a relatively high
predetermined pressure and simultaneously passed in
countercurrent heat interchange with the high pressure
portion of the feed mixture.

In some cycles embodying the principles of the present
invention, such as when substantial quantities of two or
more components are withdrawn from the cycle under
relatively high pressure, the major portion of the gaseous
feed mixture may be compressed to a relatively high
pressure. In addition, in the separation of certain gas-
eous mixtures a third Ccomponent under relatively low
pressure may be employed for the required heat inter-
change with the high pressure feed mixture. For ex-
ample, in the separation of atmospheric air into oxygen,
nitrogen and argon component gas, nitrogen component
under low pressure may be passed in heat interchange
with a major portion of the air feed, oxygen component
may be compressed to a relatively high pressure and
passed in heat interchange with the minor portion of the
air feed under relatively high pressure and argon com-
ponent may comprise the stream of low pressure com-
ponent gas passed in heat interchange with the high pres-
sure air feed.

Methods according to the present invention effect sepa-
ration of gaseous mixtures into fractions of the gaseous
mixture and such separated fractions comprise “a gaseous
phase part including one component of the gaseous mix-
ture” and “a liquid phase part including another com-
ponent of the gaseous mixture.” In operation of the cycle
of FIGURE 1 when separating air the gaseous phase
part of the separated fractions consists of the nitrogen
gas withdrawn from the fractionating column while in
operation of the cycle shown in FIGURES 3, 4 and 5
the gaseous phase part of the separated fractions includes
Oxygen and nitrogen components of the gaseous mixture.
Also, as described above, in operation of all of the cycles
disclosed herein the liquid phase part of the separated
fractions may include Oxygen and nitrogen components.
Thus, the term “a gaseous phase part including one com-
ponent of the gaseous mixture” as nsed in the appended
claims, covers methods in which the gaseous phase part
of the separated fractions comprises one component or
more than orne component of the gaseous mixture and the
term “a liquid phase part including another component
of the gaseous mixture,” as used in the appended claims
comprises one comporent or more than one component
of the gaseous mixture,

Although several embodiments of the invention have
been disclosed and described herein, it is to be expressly
understood that various changes and substitutions may
be made therein without departing from the spirit of
the invention as well understood by those skilled in the
art. Reference therefore will be had to the appended
claims for a definition of the limits of the inventjon,

What is claimed is:

1. Method of separating gaseous mixtures in a frac-
tionating operation,

in which operation compressed and cooled gaseous

mixture is separated into fractions of the gaseous
mixture,
the separated fractions of the gaseous mixture com-
prising a gaseous phase part including one compo-
nent of the gaseous mixture and a lignid phase part
including another component of the gaseous mixture,

comprising the steps of providing a major portion of
compressed gaseous mixture,

passing the major portion of compressed gaseous mix-

ture in heat interchange with cold fluid including g
first portion of the gaseous phase part of the sepa-
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rated fractions under relatively low pressure to cool
the major portion of the compressed gascous mix-
ture and to warm the first portion of the gaseous
phase part of the separated fractions,
the relative masses of the major portion of compressed
gaseous mixture and of the cold fluid being so pro-
portioned that the heat interchange therebetween
warms the first portion of the gaseous phase part of
the separated fractions to about 5° F.-10° F. of the
temperature to the major portion of compressed
gaseous mixture,
providing a minor portion of compressed gaseous mix-
ture under a high pressure relative to the major
portion of compressed gaseous mixture,

compressing liquid phase part of the separated fractions
to provide compressed liquid phase part,

passing the minor portion of compressed gaseous mix-

ture in heat interchange with a second portion of
the gaseous phase part of the separated fractions
under relatively low pressure and in heat interchange
with compressed liquid phase part to cool the minor
portion of compressed gaseous mixture and to warm
the second portion of the gaseous phase part of the
separated fractions and to vaporize the compressed
liquid phase part,

the mass of the minor portion of compressed gaseous

mixture being proportioned relative to the mass of
the second portion of the gaseous phase part of the
separated fractions and compressed liquid phase part
in heat interchange therewith so that the heat inter-
change therebetween warms the second portion of the
gaseous phase part of the separated fractions and
compressed liquid phase part to about 5° F.-10° F.
of the temperature of the minor portion of com-
pressed gaseous mixture,

expanding the minor portion of compressed gaseous

mixture,

and passing expanded minor portion of the gaseous

mixture and cooled major portion of compressed
gaseous mixture to the fractionating operation.

2. Method of separating gaseous mixtures zs defined
in claim 1 in which the gaseous phase part of the sepa-
rated fractions consists substantially of one component
of the gaseous mixture and in which the liquid phase part
of the separated fractions consists substantially of an-
other component of the gaseous mixture.

3. Method of separating gaseous mixtures as defined
in claim 1 in which the gaseous mixture comprises air, in
which the gasecous phase part of the separated fractions
comprises nitrogen, and in which the liquid phase part
of the separated fractions comprises oxygen.

4. Method of separating gaseous mixtures as defined
in claim 1 in which the minor portion of the compressed
gaseous mixture is passed in heat interchange with a boil-
ing refrigerant and then passed in the heat interchange
with the second portion of the gaseous phase part of the
separated fractions under relatively low pressure and in
heat interchange with compressed liquid phase part.

5. Method of separating gaseous mixtures as defined
in claim 1 in which cold gas from the fractionating opera-
tion is passed in heat interchange with the minor portion
of compressed gaseous mixture, is expanded with produc-
tion of external work and the effluent of the work ex-
pansion is employed to provide refrigeration for the
operation.

6. Method of separating gaseous mixtures as defined
in claim 4 in which cold gas from the fractionating opera-
tion is passed in heat interchange with the minor portion
of compressed gaseous mixture, is expanded with produc-
tion of external work and the effluent of the work ex-
pansion is employed to provide refrigeration for the
operation.

7. Method of separating gaseous mixtures as defined
in claim 1 in which the first portion of the gaseous phase
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part of the separated fractions includes more than one
component of the gascous mixfure,

8. Method of separating gaseous mixtures as defined
in claim 7 in which the second portion of the gaseous
phase part of the separated fractions includes more than
one component of the gaseous mixture.

9. Method of separating gaseous mixtures as defined in
claim 1 in which the second portion of the gaseous phase
part of the separated fractions is passed in heat inter-
change with the major portion of compressed gaseous
mixture before being passed in heat interchange with the
minor portion of compressed gaseous mixture.

10. Method of separating gaseous mixtures as defined
in claim 9 in which the second portion of the gaseous
phase part of the separated fractions comprises vaporized
liquid component of the gaseous mixture.

11. Method of separating gaseous mixtures as defined
in claim 1 in which the minor portion of compressed gas-
eous mixture is passed in one direction through one path
of a heat exchange zone and the second portion of the
gaseous phase part of the separated fractions and the com-
pressed liquid phase part are passed in the opposite direc-
tion through separate paths of the heat exchange zone to
cool the minor portion of compressed gaseous mixture
and to warm the second portion of the gaseous phase part
of the separated fractions and to vaporize the compressed
liquid phase part.

12. Method of separating gaseous mixtures as defined
in claim 11 in which the minor portion of compressed
gaseous mixture is passed in heat interchange with a boil-
ing refrigerant, and then flowed through the one path of
the heat exchange zone.

13. Method of separating gaseous mixtures as defined
in claim 11 in which compressed fluid is withdrawn from
the heat exchange zone at a temperature level suitable
for subsequent expansion with work, the withdrawn fluid
is expanded with work, and effinent of the work expansion
is employed to provide refrigeration for the operation.

14. Method of separating gaseous mixtures as defined
in claim 1 in which gaseous mixture comprising the major
portion and the minor portion of compressed gaseous
mixture is purified to remove high boiling point impuri-
ties before the major portion and the minor portion of
gaseous mixture are passed in heat interchange with sep-
arated fractions of the gaseous mixture.

15. Method of separating gaseous mixtures in a frac-
ticnating cperation,

in which operation compressed and cooled gaseous mix-

ture is separated into fractions of the gaseous mix-
ture,
the separated fractions of the gaseous mixture com-
prising a gaseous phase part including one com-
ponent of the gaseous mixture and a liquid phase part
including another component of the gaseous mixture,

comprising the steps of providing a major portion of
compressed gaseous mixture,

flowing the major portion of compressed gaseous mix-

ture in one direction through a first path and flowing
a cold fluid including a first portion of the gascous
phase part of the separated fractions under relatively
low pressure in the oposite direction in heat exchange
effecting relation with the first path during one pe-
riod of the heat interchange to cool the major portion
of compressed gaseous mixture and congeal high
boiling point impurity along the first path,

flowing the first portion of the gaseous phase part of

the separated fractions through the first path in the
opposite direction in contact with the congealed im-
purity during a second period of the heat interchange,
proportioning the relative mass of the cold fluid and
the major portion of compressed gaseous mixture so
that the first portion of the gaseous phase part of the
separated fractions flowing through the first path
substantially completely sweeps out congealed im-
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purity during the second period of the heat inter-
change,

providing a minor portion of compressed gaseous mix-

ture under high pressure relative to the major por-
tion,

compressing liquid phase part of the separated fractions

to provide compressed liquid phase part,
passing the minor portion of compressed gaseous mix-
ture in heat exchange effecting relation with a second
portion of the gaseous phase part of the separated
fractions under relatively low pressure and in heat
exchange effecting relation with compressed liquid
phase part to cool the minor portion of compressed
gaseous mixture and to warm the second portion of
the gaseous phase part of the separated fractions
and to vaporize the compressed liquid phase part,

expanding the cocl minor portion of compressed gas-
eous mixture,

passing expanded minor portion of compressed gaseous

mixture and cool major portion of compressed gas-
eous mixture to the fractionating operation,

and removing high boiling point impurity from the

minor portion of compressed gaseous mixture before
expanded minor portion of compressed gaseous mix-
ture is passed to the fractionating operation.

16. Method of separating gaseous mixtures as defined
in claim 15 in which the mass of the minor portion of
compressed gaseous mixture is proportioned relative to
the mass of the second portion of the gaseous phase part
of the separated fractions and the compressed liquid
phase part so that the heat interchange therebetween
warms the second portion of the gaseous phase part of the
separated fractions and the compressed liquid phase part
to about 5° F.—10° F. of the temperature of the minor
portion of compressed gaseous mixture,

17. Method of separating gaseous mixtures as defined
in claim 16 in which the minor portion of compressed
gascous mixture is cooled upon flowing through a heat
exchange zone and in which high boiling point impurity
is removed from the minor portion of compressed gase-
ous mixture without the heat exchange zone.

18. Method of separating gaseous mixtures as defined
in claim 17 in which high boiling point impurity is re-
raoved from the minor portion of compressed gaseous
mixture by a scrubbing operation.

19. Method of separating gaseous mixtures as defined
in claim 17 in which cool minor portion of compressed
gaseous mixture is flowed through an absorber fo remove
high boiling point impurity therefrom.

20. Method of separating gaseous mixtures as defined
in claim 17 in which the minor portion of compressed
gaseous mixture flows through one path of the heat ex-
change zonme and in which the second portion of the
gaseous phase part of the separated fractions and the
compressed liquid phase part flow through separate paths
of the heat exchange zone in countercurrent relation with
the minor portion of compressed gaseous mixture.

21. Method of separating gaseous mixtures as defined
in claim 16 in which the minor portion of the compressed
gaseous mixture is passed in heat interchange with a
boiling refrigerant and then passed to the heat inter-
change with the second portion of the gaseous phase part
of the separated fractions and the compressed liquid
phase part.

22, Method of separating gaseous mixtures as defined
in claim 17 in which compressed fluid is withdrawn from
the heat exchange zone at a temperature level suitable
for subsequent expansion with work, the withdrawn fluid
is expanded with work, and effltuent of the work expan-
sion is employed to provide refrigeration for the opera-
tion.

23. Method of separating gaseous mixtures as defined
jn claim 22 in which the minor portion of compressed
gaseous mixture is passed in heat interchange with a
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boiling refrigerant and then passed to the heat exchange
zone for flow through the one path.
24. Method of separating gaseous mixtures as defined
in claim 23 in which cold minor portion of compressed
gaseous mixture is flowed through an adsorber to remove
high boiling point impurity therefrom.
25. Method of separating gaseous mixtures as defined
in claim 16 in which the first portion of the gaseous phase
part of the separated fractions includes more than one
component of the gaseous mixture.
26. Method of separating gaseous mixtures as defined
in claim 16 in which the second portion of the gaseous
phase part of the separated fractions includes more than
one component of the gaseous mixture.
27. Method of separating gaseous mixtures as defined
in claim 25 in which the second portion of the gaseous
phase part of the separated fractions includes more than
one component of the gaseous mixture.
28. Method of separating gaseous mixtures as defined
in claim 16 in which the second portion of the gaseous
phase part of the separated fractions is passed in heat
interchange with the major portion of compressed gase-
ous mixture before being passed in heat interchange with
minor portion of compressed gaseous mixture.
29. Method of separating gaseous mixtures in a frac-
tionating operation,
in which operation compressed and cooled gaseous
mixture undergoes preliminary separation in a first
fractionating zone under relatively high pressure
producing fractions including gaseous low boiling
point fraction and liquid high boiling point fraction
and in which the separation is continued in a second
fractionating zone under relatively low pressure pro-
ducing separated fractions of the gasgcous mixture,

the separated fractions of the gaseous mixture com-
prising a gaseous phase part including one compo-
nent of the gaseous mixture and a liquid phase part
including another component of the gaseous mix-
ture,

comprising the steps of providing a major portion of

compressed gaseous mixture,

flowing the major portion of compressed gaseous mix-

ture in one direction through a first path and flow-
ing a cold fluid including a first portion of the gase-
ous phase part of the separated fractions in the op-
posite direction in heat exchange effecting relation
with the first path during one period of the heat
interchange to cool the major portion of compressed
gaseous mixture and congeal high boiling point im-
purity along the first path,

flowing the first portion of the gaseous phase part of

the separated fractions through the first path in the
opposite direction in contact with the congealed
impurity during a second period of the heat inter-
change,

proportioning the relative mass of the cold fluid and

the major portion of compressed gaseous mixture
so that the first portion of the gaseous phase part of
the separated fractions flowing through the first path
substantially completely sweeps out congealed im-
purity during the second period of the heat inter-
change,

providing a minor portion of compressed gaseous mix-

ture under high pressure relative to the major portion,
compressing liquid phase part of the separated frac-
tions to provide compressed liquid phase part,

passing the minor portion of compressed gaseous mix-

ture in heat exchange effecting relation with a sec-
ond portion of the gaseous phase part of the sepa-
rated fractions and in heat exchange effecting rela-
tion with compressed liquid phase part to cool the
minor portion of gaseous mixture and to warm the
second portion of the gaseous phase part of the
separated fractions and to vuporize compressed lig-
uid phase part,
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withdrawing a gaseous fraction from the first frac-
tionating zone,

passing the withdrawn fraction in heat interchange
with the minor portion of compressed gaseous mix-
ture and then expanding the gaseous fraction to pro-
vide refrigeration for the operation,

expanding the cool minor portion of compressed gase-
ous mixture,

passing expanded minor portion of compressed gase-
ous mixture and cool major portion of compressed
gaseous mixture to the first fractionating zone,

and removing high boiling point impurity from the
minor portion of compressed gaseous mixture before
the minor portion of gaseous mixture is passed to
the first fractionating zone.

30. Method of separating gaseous mixtures in a frac-

tionating operation,

in which operation compressed and cooled gaseous
mixture is separated into fractions of the gaseous
mixture,

the separated fractions of the gaseous mixture com-
prising a gaseous phase part including one compo-
nent of the gaseous mixture and a liquid phase
part including another component of the gaseous
mixture,

comprising the steps of providing a major portion of
compressed gaseous mixture,

passing the major portion of compressed gaseous mix-
ture in heat interchange with cold fluid including a
first portion of the gaseous phase part of the sepa-
rated fractions to cool the major portion of com-
pressed gaseous mixture and to warm the first por-
tion of the gaseous part of the separated fractions,

providing a minor portion of compressed gaseous mix-
ture under a high pressure relative to the major por-
tion of compressed gaseous mixture,

compressing liquid phase part of the separated frac-
tions to provide compressed liquid phase part,

passing the minor portion of compressed gaseous mix-
ture in heat interchange with a second portion of the
gaseous phase part of the separated fractions and in
heat interchange with compressed liquid phase part
to cool the minor portion of compressed gaseous
mixture and to warm the second portion of the
gaseous phase part of the separated fractions and to
vaporize the compressed liquid phase part,

the mass of the gaseous mixture being proportioned
between the major portion of compressed gaseous
mixture and the minor portion of compressed gase-
ous mixture and the mass of the gaseous phase part
of the separated fractions being proportioned be-
tween the first portion and the second portion of
the gaseous part of the separated fractions relative
to the mass of the major and minor portions of com-
pressed gaseous mixture and in accordance with the
mass of the compressed liquid phase part so that the
first portion of the gaseous phase part of the sepa-
rated fractions, the second portion of the gaseous
phase part of the separated fractions and the com-
pressed liquid phase part are warmed to about 5°
F.-10° F. of the temperature of that portion of the
compressed gaseous mixture in heat interchange there-
with,

expanding the minor portion of compressed gaseous
mixture,

and passing expanded minor portion of compressed
gaseous mixture and cooled major portion of com-
pressed gaseous mixture to the fractionating opera-
tion,

31. Method of separating gaseous mixtures in a frac.
tionating operation,

in which operation compressed and cooled gaseous
mixture is separated into fractions of the guseous
mixture,

the separated fractions of the gascous mixture com-
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prising a gaseous phase part including one compo-
nent of the gaseous mixture and a liquid phase part
including another component of the gaseous mixture,
comprising the steps of providing a major portion of
compressed gasecous mixture,

passing the major portion of compressed gaseous mix-

ture in switching heat interchange with a cold fluid
including a first portion of the gascous phase part
of the separated fractions,

the major portion of compressed gaseous mixture be-
ing flowed in one direction through a first path and
the cold fluid in the opposite direction in heat ex-
change with the first path during one period of the
heat interchange to cool the major portion of com-
pressed gaseous mixture and congeal high boiling
point impurity along the first path and the first por-
tion of the gaseous phase part of the separated
fractions being flowed through the first path in the
opposite direction during the second period of heat
interchange,

providing a minor portion of compressed gaseous mix-

ture under a high pressure relative to the major por-
tion of compressed gaseous mixture,

compressing liquid phase part of the separated frac-
tions to provide compressed liquid phase part,
passing the minor portion of compressed gaseous mix-
ture in heat interchange with a second portion of
the gaseous phase part of the separated fractions
and with compressed liquid phase part to cool the
minor portion of compressed gaseous mixture and
to warm the second portion of the gaseous phase
part of the separated fractions and to vaporize the
compressed liquid phase part,

the mass of the gaseous mixture being proportioned

between the major portion of compressed gaseous
mixture and the minor portion of compressed gase-
ous mixture and the mass of the gaseous phase part
of the separated fractions being proportioned be-
tween the first portion of the gaseous phase part
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and second portion of the gaseous phase part of
the separated fractions rclative to the mass of the
major portion and the minor portion of compressed
gaseous mixture and in accordance with the mass
of the compressed liquid phase part so that the first
portion of the gaseous phase part of the separated
fractions substantially completely sweeps out con-
gealed impurity from the first path during the sec-
ond pericd of the heat interchange, and so that the
second portion of the gaseous phase part of the
separated fractions and the compressed liquid phase
part are warmed to about 5° F.-10° F. of the tem-
perature of the second portion of compressed gase-
ous mixture interchange therewith,

expanding the minor portion of compressed gaseous
mixture,

passing expanded minor portion of compressed gase-
ous mixture and cooled major portion of compressed
gaseous mixture to the fractionating operation,

and removing high boiling point impurity from the
minor portion of compressed gaseous mixture before
the minor portion of compressed gaseous mixture is
passed to the fractionating operation.
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